A bacterial strain, designated T20R-70 T , was isolated from tomato rhizosphere soil collected in Yecheon-gun, Gyeongsangbuk-do in South Korea. Growth was observed within the ranges 10-40 C (optimally at 28-30 C), pH 7.0-8.0 (optimally at pH 7.0) and 0-1 % NaCl (optimally at 0 %). The 16S rRNA gene sequence showed the highest similarities with those of Lysobacter hankyongensis KTCe-2 T (98. The genus Lysobacter belongs to the family Xanthomonadaceae within the class Gammaproteobacteria. The genus Lysobacter was first proposed for Gram-stain-negative, aerobic, rod-shaped, non-fruiting bacterial strains isolated from soil and fresh water [1] . The DNA G+C contents of members of this genus were found to be high (more than 60 mol%), polar lipids consisted mainly of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol and phosphatidyl-N-methylethanolamine, and the major fatty acids were iso-C 15 : 0 and iso-C 16 : 0 [2] [3] [4] [5] [6] . At the time of writing, the genus Lysobacter consisted of 36 species with validly published names (www.bacterio.net/lysobacter. html), which were isolated from various habitats, such as soil, water, sludge, municipal solid waste, freshwater sediment, plants, ores, estuary sediment and a deep-sea sponge. Here, we describe the taxonomic characterization of a novel species belonging to the genus Lysobacter isolated from the rhizosphere of a tomato plant.
The genus Lysobacter belongs to the family Xanthomonadaceae within the class Gammaproteobacteria. The genus Lysobacter was first proposed for Gram-stain-negative, aerobic, rod-shaped, non-fruiting bacterial strains isolated from soil and fresh water [1] . The DNA G+C contents of members of this genus were found to be high (more than 60 mol%), polar lipids consisted mainly of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol and phosphatidyl-N-methylethanolamine, and the major fatty acids were iso-C 15 : 0 and iso-C 16 : 0 [2] [3] [4] [5] [6] . At the time of writing, the genus Lysobacter consisted of 36 species with validly published names (www.bacterio.net/lysobacter. html), which were isolated from various habitats, such as soil, water, sludge, municipal solid waste, freshwater sediment, plants, ores, estuary sediment and a deep-sea sponge. Here, we describe the taxonomic characterization of a novel species belonging to the genus Lysobacter isolated from the rhizosphere of a tomato plant.
During the course of bacterial population analysis in the rhizosphere of a tomato plant, we isolated several bacterial strains. The rhizosphere soil was sampled at Yecheongun, Gyeongsangbuk-do, South Korea (36 43¢ 3.33 † N 128 29¢ 55.29 † E). The soil was serially diluted in 0.85 % (w/v) NaCl solution, plated on R2A agar medium (BD) and incubated at 28 C. A bacterial strain, designated T20R-70 T , was pure-cultured through sub-culturing. The strain was preserved at 4 C after lyophilization using 12 % (w/v) skimmed milk solution. The pH range for growth was checked in R2A broth, the pH of which was adjusted with citrate/phosphate buffer (pH 3.0-7.0), Tris/hydrochloride buffer (pH 8.0-9.0) and carbonate/bicarbonate buffer (pH 10.0-11.0). After sterilization (121 C, 15 min), the pH of the R2A broth was checked and adjusted if necessary. Tolerance to NaCl was studied in R2A broth supplemented with NaCl (0, 1.0, 2.0, 3.0, 4.0 and 5.0 %, w/v). To determine the additional physiological properties, including assimilation of carbohydrates, acid production from carbohydrate sources and enzymic activities, API 20 NE, API ID 32 GN, API 50 CH and API ZYM kits (bio-M erieux) were used according to the manufacturer's instructions. The API ZYM tests were read after 4 h of incubation at 37 C, and the other API tests after 7 days at 28 C.
Cells of strain T20R-70
T were found to be Gram-stainnegative, aerobic, flagellated rods (0.6-0.8Â1.6-2.6 µm) (Fig. S1 , available in the online Supplementary Material). The strain could be differentiated from the closely related species of the genus Lysobacter on the basis of cell shape, temperature and pH ranges for growth, tolerance of NaCl and various physiological and biochemical properties (Table 1) .
Phylogenetic analysis was conducted on the basis of 16S rRNA gene sequence. The 16S rRNA gene of strain T20R-70 T was amplified by PCR using the universal primers 8F and 1512R [7] . The PCR products were sequenced by Genotech (Daejeon, Republic of Korea), and a nearly complete 16S rRNA gene sequence (1480 bp) was obtained. The sequence similarities were calculated with the BLAST program of GenBank (www.ncbi.nlm.nih.gov/) and EzBioCloud (http://eztaxon-e.ezbiocloud.net/) [8] . The sequences of strain T20R-70 T and the related taxa obtained from the GenBank database (www.ncbi.nlm.nih.gov/) were aligned using the SILVA Incremental Aligner [9] . Phylogenetic trees were reconstructed in MEGA software version 6.0 [10] using the neighbour-joining [11] , maximum-likelihood [12] and maximum-parsimony algorithms [13] T . All the strains were cultivated on R2A medium at 28 C, and the incubation time varied from 1.5-5.5 days due to the differences in the growth rate of each strain, in order to reach the exponential growth stage of each strain. The fatty acids were extracted, methylated and separated by GC (6890; Hewlett Packard) according to the protocol of the Sherlock Microbial Identification System (version 5.0, MIDI) [14] and identified by using the TSBA 50 database of the Microbial Identification System. Cell biomass for analysis of polar lipids and respiratory quinones was collected after shaking at 28 C in R2A broth for 3 days. Quinones and polar lipids were extracted and analysed using the method described by Minnikin et al. [15] . For detection of polar lipids, molybdatophosphoric acid (for total lipids), phosphomolybdic acid (for phospholipids), ninhydrin (for aminolipids) and a-naphthol/sulfuric acid reagent (for glycolipids) were sprayed onto the plates. The respiratory quinones were separated by TLC and identified by HPLC. The DNA G+C content was determined with the fluorometric method [16] using SYBR Green 1 and a realtime PCR thermocycler (Bio-Rad). Genomic DNA samples from Bacillus amyloliquefaciens subsp. plantarum DSM 23117 T , Pseudomonas stutzeri ATCC 17588 T and Micrococcus luteus ATCC 4698 T were used as calibration references.
The major fatty acids of strain T20R-70 T were found to be iso-C 15 : 0 , iso-C 16 : 0 , iso-C 17 : 1 !9c and summed feature 3 (comprising iso-C 15 : 0 2-OH and/or iso-C 16 : 1 !7c) (Table S1 ). In the fatty acid comparison among the strain T20R-70 T and its closely related Lysobacter species, the amount of summed feature 3 (iso-C 15 : 0 2-OH and/or iso-C 16 : 1 !7c) was highly variable. Also, quantitative and qualitative differences in the fatty acids were observed (Table S1 ). The polar lipids of strain T20R-70 T consisted of diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine as the major polar lipids with small amounts of two unidentified aminophospholipids and two unidentified phospholipids (Fig. S2) . The polar lipids diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine are the major ones commonly present in many species of the genus Lysobacter [3, 4, 6] . The primary respiratory quinone of strain T20R-70
T was Q-8, which is the major quinone present in members of the genus Lysobacter [2] [3] [4] [5] [6] . The DNA G+C content of strain T20R-70 T was 63.0 mol%, which is slightly lower than those of the other closely related species of the genus Lysobacter ( Table 1 ).
The DNA-DNA filter hybridization method described by Seldin and Dubnau [17] was used to calculate the DNA hybridization values. Probe labelling was conducted using the non-radioactive DIG High Prime system, and the hybridized DNA was visualized using the DIG luminescent detection kit (Roche). DNA-DNA relatedness was quantified using a densitometer (Bio-Rad). Strain T20R-70 T exhibited low hybridization values as compared with the closely related species: L. hankyongensis KACC 16618 T (32±3 %; reciprocally, 30±5 %), L. brunescens KACC 11385
T (42±4 %), 'L. daecheongensis' KACC 18720 (36±5 %) and L. oligotrophicus KACC 18724 T (39±2 %) (mean±SD). The hybridization values of less than 70 %, the currently accepted threshold for species definition, demonstrate that strain T20R-70
T constitutes a novel genomic species [18] .
On the basis of phylogenetic analysis, phenotypic characteristics and DNA-DNA hybridization values, strain T20R-70 T is considered to represent a novel species of the genus Lysobacter, for which the name Lysobacter solanacearum sp. nov. is proposed. [19] ; c, Oh et al. [20] ; d, Siddiqi and Im [6] ; e, Fukuda et al. [21] .
